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18Previous research has not compared implicit affective responses to smoking-related stimuli in occasional (i.e.,
19those who smoke less than one cigarette per day) and daily smokers (i.e., those who smoke at least once per
20day). In addition to assessing their motivations for smoking, implicit affective responses were measured
21using the Affect Misattribution Procedure (AMP) in occasional (n=19) and daily smokers (n=34) to
22smoking-related and neutral cues. Half of the cues depicted a human interacting with an object (i.e., active),
23whereas the remaining cues depicted objects alone (i.e., inactive). Results indicated that for the active cues,
24daily smokers responded more positively to smoking-related than to neutral cues, whereas occasional
25smokers showed no difference in their implicit responses. In addition to smoking frequency, relative differ-
26ences in implicit responses to active cues were related to cognitive enhancement motivation. For inactive
27cues, implicit responses were related to cognitive enhancement as well as reinforcement. Because daily
28smokers have more positive implicit responses to active smoking-related cues than occasional smokers,
29these cues may play an important role in maintaining smoking behavior in daily smokers.
30© 2011 Published by Elsevier Ltd.
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33
34
35 1. Introduction
36 TobaccoQ3 addictions are prevalent in our society and represent a seri-
37 ous risk to the health of smokers and those around them. According
38 to the American Cancer Society (2009), smoking is currently the lead-
39 ing preventable cause of death within the United States, with over
40 440,000 deaths per year. Although most age groups in the United
41 States have shown a decline in smoking behavior in the last few de-
42 cades, current smoking prevalence has remained stable among
43 those aged 18–24 years (Centers for Disease Control & Prevention
44 (CDC), 2009). Although many individuals begin smoking in adoles-
45 cence, a sizable proportion of individuals begin smoking or show in-
46 creases in smoking behavior after age 18 (e.g., Chassin, Presson,
47 Pitts, & Sherman, 2000; Chassin, Presson, Sherman, & Edwards, 1991).
48 Although several studies have found that many college students
49 explicitly report negative attitudes towards smoking regardless of
50 their own smoking behavior (Elders, Perry, Eriksen, & Giovino,
51 1994; Goddard, 1992; Johnston, O'Malley, & Bachman, 1996; Stern,
52 Prochaska, Velicer, & Elder, 1987), social desirability may diminish
53 the reporting of positive emotions in self-reports of attitudes towards
54 smoking (e.g., Swanson, Rudman, & Greenwald, 2001). Because of the
55 limitations of explicit measures, researchers use implicit measures to
56 examine smokers' affective reactions to smoking by focusing on their
57 responses to smoking-related cues, such as pictures of cigarettes or
58other smoking-related objects, using a range of paradigms such as
59the Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz,
601998). Although implicit affective responses to smoking-related
61cues provide important insights for understanding how environmen-
62tal cues maintain smoking behavior, studies examining implicit re-
63sponses to smoking cues have produced inconsistent results, with
64some experiments showing that smokers have positive implicit asso-
65ciations (e.g., Sherman, Rose, Koch, Presson, & Chassin, 2003), and
66others showing that smokers have negative implicit associations
67with smoking cues (e.g., Swanson et al., 2001).
68One reason for inconsistencies in this research may be because
69these studies have not distinguished between smoking styles. This
70may be particularly important to consider for college-age smokers
71who demonstrate considerable individual variability in their smoking
72frequency (Colder et al., 2006). Of the more than 40% of college stu-
73dents who report that they smoke (Stromberg, Nichter, & Nichter,
742007), approximately 40–50% are daily smokers who smoke at least
75one cigarette every day and exhibit physiological and psychological
76withdrawal symptoms when deprived of cigarettes for a prolonged
77period of time; the remaining are occasional smokers (Moran,
78Wechsler, & Rigotti, 2004; Oksuz, Mutlu, & Malhan, 2007), who do
79not smoke every day and generally smoke in social situations
80(Leatherdale & McDonald, 2005; Stromberg et al., 2007). Differences
81between occasional and daily smokers have been shown in regards
82to their internal and external motivations for smoking. For example,
83daily smokers often report that their smoking behavior is motivated
84by internal cues such as negative effect, boredom, stress sensory sat-
85isfaction, and for appetite or weight control. In contrast, occasional
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86 smokers are motivated by environmental cues, which include social
87 situations, such as interactions with peers who smoke (Otsuki, Tinsley,
88 Chao, & Unger, 2008; Stromberg et al., 2007). Given these motivational
89 differences, it seems wise to analyze these groups separately when in-
90 vestigating their affective responses to smoking-related cues
91 (Fagerström, 1978; Tiffany & Drobes, 1990; Wetter et al., 2004). To
92 our knowledge, there have been no studies that examine differences
93 in implicit affective responses to smoking-related cues between occa-
94 sional and daily smokers.
95 A second reason for the inconsistencies in college smokers' implicit
96 affective responses to smoking-related cues may be the variation in
97 the types of stimulus pictures employed in previous studies (Stritzke,
98 Breiner, Curtin, & Lang, 2004). Many studies use pictures depicting
99 humans interacting with drug-related objects as well as the objects
100 alone (e.g., Payne, Cheng, Govorun, & Stewart, 2005; Sherman et al.,
101 2003). However, to our knowledge, none of these studies has investi-
102 gated whether participants respond differently to these two types of
103 stimuli. This could produce unwanted variability in participants' re-
104 sponses because psychophysiological evidence shows that stimuli con-
105 taining people are processed differently from stimuli containing objects
106 (e.g., Haaga & Allison, 1994; Bentin, Allison, Puce, Perez, & McCarthy,
107 1996; Bobes, Valdés-Sosa, & Olivares, 1994; VanRullen & Thorpe,
108 2001). In fact, a recent study by Forestell et al. (2011) demonstrated
109 that non-smoking college students with a history of family smoking at-
110 tend differently to smoking-related pictures with human content com-
111 pared to those with only smoking-related objects presented alone.
112 Finally, methodological issues that undermine the reliability and
113 validity of implicit measures may have also produced inconsistencies
114 in the literature. To address this concern, Payne et al. (2005) devel-
115 oped the Affect Misattribution Procedure (AMP) as an implicit mea-
116 sure of affective responses to cues. In this paradigm, participants are
117 shown a prime picture followed by a Chinese pictograph and are
118 asked to rate whether the pictograph is pleasant or unpleasant. Be-
119 cause the pictographs are ambiguous to participants and do not inde-
120 pendently initiate emotional responses, participants' evaluation of
121 the pictographs is implicitly related to their evaluation of the preced-
122 ing prime. Discriminant validity has been shown to exist between
123 various explicit measures, such as self-reported attitudes, and the
124 AMP (Payne et al., 2005). Moreover, AMP responses to alcoholic
125 drinks correlated with participants' reported weekly consumption of
126 alcohol (Payne, Govorun, & Arbuckle, 2007). These psychometric
127 properties suggest that the AMP may be an effective procedure for
128 measuring implicit affective responses to drug-related cues.
129 In a recent study using the AMP procedure, Payne, McClernon, and
130 Dobbins (2007) found that smokers' responses to smoking-related
131 and non-smoking-related neutral pictures did not differ. These results
132 are in contrast to previous findings in which smokers were placed in
133 groups based on their smoking behavior, suggesting that affective re-
134 sponses to smoking-related pictures may vary as a function of smok-
135 ing status. For example, Sherman et al. (2003), Study 2) used the IAT
136 to examine the implicit responses of college smokers and found that
137 light smokers (i.e., less than 15 cigarettes a day) responded more neg-
138 atively to smoking-related pictures than heavy smokers (i.e., more
139 than 15 cigarettes a day), Thus, implicit reactions to smoking cues
140 may vary as a function of smoking frequency. Because participants
141 reported smoking 1–20 cigarettes per day in Payne, Govorun, and
142 Arbuckle (2007); Payne, McClernon, and Dobbins (2007) study, it is
143 possible that the more positive emotional responses to smoking-
144 related cues in heavy smokers was counteracted by lighter smokers'
145 negative emotional responses to smoking-related cues. To address
146 this issue, in the current study, we divided smokers into two groups
147 based on their smoking frequency. That is, the affective reactions of
148 daily smokers who report smoking every day and exhibit physiologi-
149 cal and psychological withdrawal symptoms when deprived of ciga-
150 rettes for a prolonged period of time were compared to those of
151 occasional smokers (Moran et al., 2004; Oksuz et al., 2007).
152The current study was designed to address three questions. First,
153implicit affective responses to smoking-related and non-smoking-
154related control cues were compared across occasional and daily
155smokers. Based on differences in implicit affective responses found
156between light and heavy daily smokers (Sherman et al., 2003), it
157was hypothesized that daily smokers would show more positive im-
158plicit affective reactions to smoking-related cues than non-smoking-
159related cues, but that occasional smokers would show no difference
160between the smoking and non-smoking stimuli. The AMP was used
161as the implicit affective paradigm in the current study based on evi-
162dence of its enhanced reliability and validity over other implicit mea-
163sures (Payne et al., 2005). Second, the content of the pictures was
164manipulated to determine whether those that depicted an individual
165interacting with a smoking-related object were judged differently
166from those that depict smoking-related objects by themselves (Forestell
167et al., 2011; Dickter & Forestell, 2011). Because college student smokers
168tend to be social smokers (Moran et al., 2004), we expected that differ-
169ences in implicit affective responses between the smoking-related and
170the neutral cues would be greater for the active than for the inactive
171cues. Finally, motivations for smoking were measured to determine
172whether they were related to implicit affective responses towards ac-
173tive and inactive smoking-related stimuli. Previous research has found
174that the more college student smokers indicate smoking for positive
175reinforcement, negative reinforcement, and cognitive enhancement,
176the more positive their implicit affective response towards smoking-
177related cues (Payne, Govorun, & Arbuckle, 2007; Payne, McClernon, &
178Dobbins, 2007).
1792. Method
1802.1. Participants
181Fifty eight (15 females) undergraduates at a medium-sized liberal
182arts college who reported smoking on an occasional to daily basis
183(M=3.59 cigarettes per day, SD=3.73 cigarettes per day) were
184recruited either through an online database and provided with credit
185in their introductory psychology course or through flyers and paid
186$10 for their participation. The mean age of participants was
18719.75 years (SE=0.20, Range=18–24 years). All procedures were
188approved by the school's Protection of Human Subjects Committee,
189and written informed consent was obtained from each participant.
1902.2. Materials
1912.2.1. Stimuli
192Prime pictures consisting of 40 color photographs were presented,
193which consisted of 20 smoking-related and 20 non-smoking-related
194neutral pictures which were matched on various visual properties
195such as color, brightness, and object to the smoking-related pictures
196(Forestell et al., 2011). Half of the pictures were active in that they
197depicted a person interacting with the stimulus, whereas the remain-
198ing pictures were inactive, in that they consisted of the stimulus
199alone. All images were successfully pilot-tested with 10 non-
200smoking undergraduates to ensure that participants could identify
201their contents and judge whether or not they were smoking-related.
202The average accuracy rate for smoking and non-smoking-related
203stimuli was 98%±0.08 (Range: 90%–100%). The target picture stimuli
204for the computer task were 120 Chinese pictographs which were se-
205lected because of their neutral content, and have been used in previ-
206ous studies as targets (e.g., Payne et al., 2005; Payne, Govorun, &
207Arbuckle, 2007; Payne, McClernon, & Dobbins, 2007).
2082.2.2. Reaction time task
209The Affect Misattribution Procedure (AMP) was developed to
210measure participants' implicit affective responses to presented
211primes (Payne et al., 2005) and was previously used to examine
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212 non-smokers' and smokers' implicit affective responses to smoking-
213 related and non-smoking-related stimuli (Payne, Govorun, &
214 Arbuckle, 2007; Payne, McClernon, & Dobbins, 2007). The AMP con-
215 sists of a presentation of a prime for 75 milliseconds (ms), followed
216 by a blank screen for 125 ms, a Chinese pictograph for 100 ms, and
217 a black and white masking screen. The masking screen remains on
218 the monitor until a response from the subject has been made. In the
219 current study, the primes were pictures of smoking-related and
220 non-smoking-related pictures. Participants indicate whether the pic-
221 tograph was pleasant or unpleasant by pressing one of two keys on
222 a computer keyboard. There were 160 trials presented to participants
223 during the AMP.
224 2.2.3. Questionnaires
225 A general smoking questionnaire asked about the current smoking
226 habits of the participants such as how long they have been smoking,
227 how frequently they smoke per day and per week, and for all but 6
228 of the participants, how long it had been since they last smoked.
229 In addition, the participants completed theWisconsin Inventory of
230 Smoking Dependence Motives questionnaire (WISDM-68), which is a
231 multidimensional measure of dependence that includes 13 subscales
232 (Piper et al., 2004). For the current study, we measured 10 of these:
233 affiliative attachment, automaticity, cognitive enhancement, craving,
234 cue exposure/associative processes, loss of control, negative and pos-
235 itive reinforcement, social/environmental goals, and tolerance. Sam-
236 ple questions include “smoking makes a good mood better”
237 (positive reinforcement), and “if I always smoke in a certain place it
238 is hard to be there and not smoke” (cue exposure/associative process-
239 es). Each question was answered on a 7-point Likert scale ranging
240 from “not true of me at all” to “extremely true of me.”
241 Participants were also asked if they had any familiarity with the
242 Chinese language, given that the Chinese pictographs used in the
243 AMPwould not necessarily be neutral stimuli for those with expertise
244 in Chinese (Payne et al., 2005).
245 2.2.4. Carbon monoxide monitor
246 A carbon monoxide BreathCO monitor (Vitalograph, Lenexa, Kan-
247 sas), which assesses biochemical changes resulting from exposure to
248 cigarette smoke, was used to measure recent smoking behavior in
249 participants.
250 2.3. Procedure
251 All experimental sessions were conducted between the hours of
252 10:00 am and 12:00 pm to minimize differences in levels of nicotine
253 craving, which have been shown to temporarily increase attention
254 to smoking-related cues (Sherman et al., 2003). The sessions were
255 conducted with groups of three to four participants. Upon arriving
256 at the laboratory, carbon monoxide levels were recorded to assess
257 previous smoking behavior. Participants were then seated at comput-
258 er stations with privacy walls and given instructions to complete the
259 AMP. Specifically, in line with AMP specifications (Payne et al., 2005),
260 participants were asked to disregard the priming pictures and to rate
261 only the pictographs as pleasant or unpleasant by pressing the corre-
262 sponding key on the keyboard. All participants completed the AMP
263 within 7 min. After the computer task, they completed the question-
264 naires online and were then debriefed. Participation in the study
265 took a total of approximately 40 min.
266 3. Results
267 3.1. Participant characteristics
268 Of the 58 participants recruited, five were excluded because they
269 failed to comply with experimental procedures by choosing either
270 “more pleasant” or “unpleasant” for all the trials (n=3), had slow
271reaction times (>1.5 s; n=1), or had only been smoking for one
272month (n=1). The remaining 53 participants were separated into
273two smoking groups: daily smokers (those who smoked at least one
274cigarette per day; n=34) and occasional smokers (those who did
275not smoke everyday; n=19). Compared to occasional smokers,
276daily smokers were significantly older (M=19.21, SE=0.27 vs.
277M=20.06, SE=0.25, t(51)=3.37, pb0.001) smoked more cigarettes
278per week (M=4.37, SE=0.49 vs. M=33.47, SE=4.60, t(52)=8.55,
279pb0.001), reported smoking more recently (55.69 h, SE=25.17 vs.
2807.00 h, SE=2.49, t(46)=2.17, pb0.02), and had higher carbon mon-
281oxide levels (M=0.42, SE=0.19 vs.M=5.79, SE=1.05, t(52)=8.55,
282pb0.001). None of the participants reported any familiarity with
283Chinese.
2843.2. Implicit AMP responses
285As in Payne, Govorun, and Arbuckle (2007); Payne, McClernon,
286and Dobbins (2007) studies, implicit affective responses to smoking
287and non-smoking trials were determined by calculating the average
288proportions of pleasant responses from the AMP for smoking and
289non-smoking trials for each participant. To determine whether the
290daily and occasional smokers differed in their implicit affective re-
291sponses to the active stimuli, proportion responses were analyzed
292using separate mixed analyses of covariance (ANCOVA) with Prime
293Type (smoking vs. non-smoking) as the repeated measures factor
294and Smoking Group (occasional vs. daily smokers) as the between-
295subjects factor and CO reading as the covariate. As shown in Fig. 1, an-
296alyses of the active stimuli revealed a significant Prime Type×Smok-
297ing Group interaction, F(1, 50)=5.45, pb0.03, η2=0.098. Simple
298main effects analyses indicated that the daily smokers had a higher
299proportion of positive responses (M=0.65, SE=0.04) to the
300smoking-related cues than to neutral cues (M=0.54, SE=0.04, t
301(33)=2.12, pb0.01), whereas occasional smokers showed no signif-
302icant differences in response to smoking cues (M=0.47, SE=0.06)
303versus control cues, (M=0.60, SE=0.05, t(18)=1.65, p>0.10). Sim-
304ilar analyses conducted on the proportion of responses to the inactive
305stimuli failed to reveal a significant Smoking Group×Prime Type in-
306teraction (p>0.32), indicating that participants' implicit affective re-
307sponses to the inactive smoking and control cues did not differ as a
308function of their smoking habits.
3093.3. Relationships between AMP and individual difference measures
310Relative differences between participants' implicit affective reac-
311tions to smoking and non-smoking cues on the active trials were de-
312termined by calculating AMP difference scores for each participant
313that subtracted the proportion of pleasant responses on active non-
Fig. 1. Proportion of “pleasant” responses in the AMP to active smoking and control
cues as a function of smoking group. Error bars represent standard errors of the mean.
3J. Haight et al. / Addictive Behaviors xxx (2011) xxx–xxx
Please cite this article as: Haight, J., et al., A comparison of daily and occasional smokers' implicit affective responses to smoking cues, Addic-
tive Behaviors (2011), doi:10.1016/j.addbeh.2011.10.006
U
N
C
O
R
R
E
C
TE
D
 P
R
O
O
F
314 smoking trials from the proportion of pleasant responses on active
315 smoking trials. A similar difference score was calculated for the inac-
316 tive trials. A higher value on the difference scores indicated more
317 positive implicit affective responses to smoking pictures relative to
318 non-smoking pictures. Separate correlational analyses were then con-
319 ducted for active and inactive AMP difference scores to examine
320 whether implicit affective scores to smoking cues were related to in-
321 dividual differences in smoking behavior and motivation.
322 3.3.1. Active AMP difference scores
323 Because the number of cigarettes smoked per week was positively
324 skewed, we log transformed the raw values (as in Payne, Govorun, &
325 Arbuckle, 2007; Payne, McClernon, & Dobbins, 2007). The active AMP
326 difference score was marginally correlated with the number of ciga-
327 rettes smoked per week, r=0.26, p=0.06, demonstrating that heavi-
328 er smokers tended to display more of an implicit preference for
329 smoking-related relative to non-smoking-related pictures. As shown
330 in Table 1, the AMP difference score was also positively correlated
331 with the cognitive enhancement dimension of the WISDM and mar-
332 ginally negatively correlated with the automaticity of the WISDM.
333 No other correlations were significant.
334 Because Payne, Govorun, and Arbuckle (2007); Payne, McClernon,
335 and Dobbins (2007) found that subjective withdrawal was associated
336 with AMP scores in smokers, we determined whether those who had
337 abstained from smoking longer had higher AMP scores. When all of
338 the smokers were included, this analyses failed to reach significance
339 (r=−0.20, p>0.15). Because occasional smokers may take longer
340 than daily smokers to suffer fromwithdrawal (or somemay not suffer
341 from withdrawal at all; i.e., Shiffman, 2009), another analysis which
342 included only daily smokers was conducted which also failed to
343 reach significance (r=−0.02, p>0.90).
344 3.3.2. Inactive AMP difference scores
345 Although the inactive AMP difference score was not correlated
346 with the frequency of smoking behavior, as shown in Table 1, re-
347 sponses to the inactive stimuli were correlated with cognitive en-
348 hancement as well as positive and negative reinforcement. Thus,
349 although smokers showed neutral implicit responses on average to
350 the inactive stimuli, the subset of smokers who experienced more
351 cognitive enhancement, as well as more positive and negative rein-
352 forcement responded more favorably to the smoking cues. No other
353 correlations were significant.
3544. Discussion
355The current study was designed to address several goals. First, im-
356plicit affective responses were examined to determine whether differ-
357ences between emotional responses to smoking-related stimuli and
358non-smoking-related stimuli would differ as a function of smoking
359group (i.e., occasional vs. daily smokers). Second, the stimuli were ma-
360nipulated to determine whether implicit affective responses to
361smoking-related stimuli depended on whether the stimuli depicted a
362person interacting with the smoking object (i.e., active) compared to
363stimuli with the object alone (i.e., inactive), due to evidence that indi-
364viduals process active and inactive smoking-related stimuli differently
365(Forestell et al., 2011). Lastly, motivations for smoking were measured
366to determine whether they were related to implicit affective responses
367towards active and inactive stimuli. Consistent with the hypotheses,
368daily smokers responded more positively to smoking-related cues
369than control cues for active cues but not inactive cues. In addition, occa-
370sional smokers' implicit responses to the smoking and control cues did
371not differ regardless of whether the cueswere active or inactive. Finally,
372motivations to smoke were differentially associated with affective re-
373sponses to active and inactive cues.
374These results provide preliminary evidence that previous inconsis-
375tencies in the literature regarding smokers' implicit affective re-
376sponses to smoking-related cues may be attributed to two possible
377explanations. First, smokers do not appear to be a homogeneous
378group in terms of their implicit affective responses to smoking-
379related cues. Because studies examining responses to smoking-
380related stimuli typically group all smokers together (e.g., De Houwer,
381Custers, & De Clercq, 2006; Payne, Govorun, & Arbuckle, 2007; Payne,
382McClernon, & Dobbins, 2007; Sherman et al., 2003; Swanson et al.,
3832001), a great deal of variability in implicit responding occurs, poten-
384tially leading to the lack of an effect in responses between smoking
385and non-smoking stimuli. Indeed, when we separated the smokers
386in the current study by their smoking frequency, daily smokers
387showed more positive affective responses to the active smoking-
388related cues relative to the active non-smoking-related cues, whereas
389the occasional smokers' responses resembled those found by Payne,
390Govorun, and Arbuckle (2007); Payne, McClernon, and Dobbins
391(2007), with no differences between smoking and non-smoking
392cues. Thus, the failure of previous studies to examine subgroups of
393smokers may have led to the inconsistencies between studies in
394smokers' affective responses to smoking and control cues.
395It is important to note that although Payne, Govorun, and Arbuckle
396(2007); Payne, McClernon, and Dobbins (2007) reported that
397smokers' implicit affective ratings of smoking-related stimuli did
398not differ from those of control stimuli, they showed that AMP differ-
399ence scores increased as smokers became more withdrawn. These
400findings suggest that daily smokers' implicit responses may have
401been driven not by their daily smoking frequency per se, but instead
402by their subjective feelings of withdrawal. Although measures of
403withdrawal were not collected in the present study, participants indi-
404cated the amount of time since they smoked their last cigarette. Be-
405cause previous research has shown that smokers experience more
406withdrawal the longer they abstain from smoking (Leatherdale &
407McDonald, 2005; Stromberg et al., 2007), one might expect that if
408withdrawal affected AMP responding to smoking cues, the amount
409of time since smokers last smoked should be correlated with their
410AMP scores. However, this correlation did not reach significance in
411the present study, for neither the entire sample nor for the daily
412smokers alone. It is possible that because all of the sessions were con-
413ducted in the morning, many of the daily smokers were not yet crav-
414ing nicotine, resulting in reduced variance in withdrawal. Future
415research should examine how withdrawal and smoking frequency
416may interact to affect implicit responses to smoking-related cues.
417Second, the types of cues used in these paradigms are important in
418examining implicit responses to smoking cues. That is, daily smokers'
Table 1t1:1
Correlations between AMP difference scores and measures of smoking frequency and
dependence among occasional and daily smokers (n=53).
t1:2
t1:3 Measure Active Inactive
t1:4 CO [ppm] 0.16 −0.04
t1:5 Smoke freq [# cigs/wk] 0.26† 0.13
t1:6 WISDM dependence scales
t1:7 Affiliative attachment 0.00 −0.11
t1:8 Automaticity −0.26† −0.14
t1:9 Cognitive enhancement 0.27⁎ 0.35⁎⁎
t1:10 Craving 0.16 0.17
t1:11 Cue exposure and associative processes 0.13 0.08
t1:12 Loss of control 0.08 0.05
t1:13 Negative reinforcement 0.12 0.41⁎⁎
t1:14 Positive reinforcement 0.16 0.37⁎⁎
t1:15 Social and environmental goals −0.21 −0.07
t1:16 Tolerance 0.03 0.02
† p=0.06.t1:17
⁎ pb0.05.t1:18
⁎⁎ pb0.01t1:19
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419 differential responses to smoking relative to non-smoking cues were
420 only present for active stimuli, and there were no differences in re-
421 sponses to the inactive stimuli for either smoking group. Again, this
422 finding provides evidence that may help explain some of the inconsis-
423 tencies found in previous studies that have included both active and
424 inactive stimuli (e.g., Payne, Govorun, & Arbuckle, 2007; Payne,
425 McClernon, & Dobbins, 2007; Sherman et al., 2003). That is, the use
426 of inactive stimuli in previous work may have diluted the effects of
427 the active stimuli. The results of the current study imply that the pres-
428 ence of humans interacting with the smoking-related objects makes
429 the image more hedonically positive for daily smokers, but not for oc-
430 casional smokers. Because previous research suggests that college
431 students tend to be social smokers (Moran et al., 2004), it is likely
432 that through greater exposure to social situations that involve smok-
433 ing, daily smokers have developed positive associations not just for
434 the cigarettes themselves but for the social context in which smoking
435 behavior occurs, relative to occasional smokers.
436 Whether increases in smoking frequency result in more positive
437 attitudes towards active smoking-related stimuli over time or, alter-
438 natively, more positive attitudes towards smoking-related cues in-
439 duce increases in smoking causing occasional smokers to eventually
440 become daily smokers is a topic that warrants future research. Previ-
441 ous neurobehavioral models of addiction suggest that through con-
442 tinued smoking activities, some occasional smokers may learn to
443 like cigarettes and their associated context more. This positive associ-
444 ation, coupled with the dopamine release from the nucleus accumbens
445 caused by prolonged use, may eventually lead to drug wanting and
446 dependence, commonly seen in daily smokers (Robinson & Berridge,
447 1993, 2001). Understanding more about how different groups of
448 smokers respond implicitly to smoking-related cues will help inform
449 such models of addiction.
450 Consistent with Payne, Govorun, and Arbuckle (2007); Payne,
451 McClernon, and Dobbins (2007) findings, individual differences in
452 smoking motivations were also associated with AMP responses. In
453 the current study, significant correlations were found between im-
454 plicit responses to the smoking cues and dependence motives as mea-
455 sured by the WISDM (Piper et al., 2004). Specifically, cognitive
456 enhancement was significantly associated, and automaticity and fre-
457 quency of smoking behavior were marginally associated, with partic-
458 ipants' AMP difference scores to the active stimuli. These results
459 suggest that the more cognitive enhancement they derive from smok-
460 ing (i.e., increased concentration and focus), the less automatic their
461 smoking is (i.e., smoking without awareness or intention), and the
462 more they smoke, the more they implicitly preferred the smoking-
463 related stimuli over the non-smoking-related stimuli. Correlations
464 were also found between AMP scores for inactive cues and cognitive
465 enhancement, negative reinforcement, and positive reinforcement
466 suggesting that although those with higher nicotine consumption
467 (i.e., daily smokers) do not respond more positively to the inactive
468 smoking cues than those who smoke less (i.e., occasional smokers),
469 the subset of occasional and daily smokers who derive more cognitive
470 enhancement and reinforcement from smoking respond more posi-
471 tively to the inactive stimuli. For these participants, smoking-related
472 objects such as cigarettes, the sight of lighters and ashtrays alone
473 may serve to perpetuate smoking behavior above and beyond that
474 of physiological effects of nicotine (e.g., Tiffany, 1990). Whether re-
475 sponses to these smoking-related stimuli serve as a predictor of ad-
476 diction is a topic for further investigation.
477 There are several unanswered questions that future research
478 should address. First, this study was designed to examine differences
479 between active and inactive stimuli but did not examine differences
480 between the types of objects or the interactions between people
481 interacting with the objects in these pictures. It is possible, for exam-
482 ple, that active stimuli that involve a cigarette in a person's mouth
483 may be processed differently than stimuli that depict a cigarette in a
484 person's hand. Similarly, it may be that pictures of different types of
485objects (i.e., cigarettes, lighters, ashtrays) are processed differently
486from one another. Work by Sherman et al. (2003); Study 1) found
487that smokers had more positive implicit responses to “sensory” stim-
488uli that depicted burning cigarettes than the stimuli themselves, sug-
489gesting that differences in processing may exist as a function of how
490the smoking-related stimuli are portrayed. Finally, previous research
491has suggested that experiences with parental smoking behavior and
492attitudes towards smoking may affect implicit responses to
493smoking-related stimuli (e.g., Andersen et al., 2002). Specifically, chil-
494dren who have a parent who smoke respond more positively to
495smoking-related stimuli (i.e., the odor of cigarettes) than children
496without a smoking parent, although this response is mediated by
497the context in which the parent smokes (Forestell & Mennella,
4982005). More recent research has demonstrated that non-smoking col-
499lege students with at least one smoking parent displayed an implicit
500attentional bias to smoking-related stimuli (Forestell et al., 2011).
501These findings suggest that responses to smoking-related cues may
502vary as a function of parental smoking behavior, and future research
503should examine how developmental experiences may lead
504smoking-related stimuli to become associated with more positive af-
505fective reactions and may lead to smoking behavior.
506This study was limited in several important ways. First, there was
507a relatively small sample size and findings should be interpreted with
508caution. Future work should aim to replicate this study. Second, this
509study was specifically designed to examine college students' implicit
510reactions to smoking-related cues and may not necessarily generalize
511to other age groups. A fruitful avenue for future research would be to
512explore if these effects generalize to adult smokers who had smoked
513for a considerably longer time than college-age smokers who have
514been smoking for a relatively short time. In addition, future work
515should address potential gender differences in implicit affective reac-
516tions to smoking-related cues, as the current study did not have
517enough female participants to make an appropriate gender
518comparison.
5195. Conclusions
520The current findings suggest that there are important differences
521in implicit affective responses to smoking cues between subgroups
522of college-age smokers, and that their responses differ as a function
523of whether primes contain human elements or not. One potential
524practical implication of these findings is the development and imple-
525mentation of cessation techniques for smokers. That is, smoking ces-
526sation programs typically focus on the physiological or psychological
527symptoms of which individuals are explicitly aware. The current re-
528search suggests that these programs should consider the positive im-
529plicit associations that daily smokers may have for active smoking-
530related stimuli that contribute to the maintenance of their addiction.
531This research also suggests that it may be important to design specific
532smoking cessation programs for smokers who may differ in their af-
533fective evaluations of smoking. A growing number of young American
534smokers consider themselves occasional rather than daily smokers
535(CDC, 2003, 2006), possibly due to the increasing cost of cigarettes
536and restrictions on smoking (Shiffman, 2009). While for some indi-
537viduals occasional smoking is a life-long pattern, for some college-
538age students it is a transitional behavior that escalates to daily smok-
539ing (CDC, 2003; Baker, Brandon, & Chassin, 2004). Therefore, it may
540be important for smoking cessation programs to target occasional
541smokers before they develop positive implicit affective responses to-
542wards smoking-related cues.
543Role of funding sources
544Funding for this study was provided by a Charles Center Honors Project Grant from
545the College of William & Mary to the first author. William & Mary had no role in the
546study design, collection, analysis or interpretation of the data, writing the manuscript,
547or the decision to submit the paper for publication.
5J. Haight et al. / Addictive Behaviors xxx (2011) xxx–xxx
Please cite this article as: Haight, J., et al., A comparison of daily and occasional smokers' implicit affective responses to smoking cues, Addic-
tive Behaviors (2011), doi:10.1016/j.addbeh.2011.10.006
U
N
C
O
R
R
E
C
TE
D
 P
R
O
O
F
548 Contributors
549 All three authors designed the study together. John Haight was responsible for data
550 collection and wrote the first draft of the manuscript. Cheryl L. Dickter and Catherine A.
551 Forestell conducted data analysis and edited the final manuscript. All authors have ap-
552 proved the final manuscript.
553 Conflict of interest
554 All authors declare that they have no conflicts of interest.
555Q4 Uncited references
556 Hammond, 2005
557 Shiffman, 1986
558 References
559 Andersen, M. R., Leroux, B. G., Marek, P. M., Peterson, A. V., Jr., Kealey, K. A., Bricker, J., &
560 Sarason, I. G. (2002). Mothers' attitudes and concerns about their children smok-
561 ing: Do they influence kids? Preventive Medicine: An International Journal Devoted
562 to Practice and Theory, 34, 198–206.
563 Baker, T., Brandon, T., & Chassin, L. (2004). Motivational influences on cigarette smok-
564 ing. Annual Review of Psychology, 4, 463–491.
565 Bentin, S., Allison, T., Puce, A., Perez, & McCarthy, G. (1996). Electrophysiological stud-
566 ies of face perception in humans. Journal of Cognitive Neuroscience, 8(6), 551–565.
567 Bobes, M., Valdés-Sosa, M., & Olivares, E. (1994). An ERP study of expectancy violation
568 in face perception. Brain and Cognition, 26, 1–22.
569 Centers for Disease Control and Prevention (CDC) (2003). Prevalence of current ciga-
570 rette smoking among adults and changes in prevalence of current and some day
571 smoking — United States, 1996–2001. Morbidity and Mortality Weekly Report, 52,
572 303–307.
573 Centers for Disease Control and Prevention (CDC) (2006). State-specific prevalence of
574 current cigarette smoking among adults and secondhand smoke rules and policies
575 in homes and workplaces — United States, 2005. Morbidity and Mortality Weekly
576 Report, 55, 1148–1151.
577 Centers for Disease Control and Prevention (CDC) (2009). Cigarette smoking among
578 adults and trends in smoking cessation — United States. Morbidity and Mortality
579 Weekly Report, 58, 1227–1232.
580 Chassin, L., Presson, Clark C., Sherman, S., & Edwards, D. (1991). Four pathways to
581 young-adult smoking status: Adolescent social–psychological antecedents in a
582 Midwestern community sample. Health Psychology, 10, 409–418.
583 Chassin, L., Presson, C., Pitts, S., & Sherman, S. (2000). The natural history of cigarette
584 smoking from adolescence to adulthood in a midwestern community sample: Mul-
585 tiple trajectories and their psychosocial correlates. Health Psychology, 19, 223–231.
586 Colder, C., Lloyd-Richardson, E., Flaherty, B., Hedecker, D., Segawa, E., & Flay, B. (2006).
587 The natural history of college smoking: Trajectories of daily smoking during the
588 freshman year. Addictive Behaviors, 3, 2212–2222.
589 De Houwer, J., Custers, R., & De Clercq, A. (2006). Do smokers have a negative implicit
590 attitude toward smoking? Cognition and Emotion, 20, 1274–1284.
591 Dickter, C. L., & Forestell, C. A. (2011). Peering through the smoke: The effect of parental
592 smoking behavior and addiction on daily smokers' attentional bias to smoking cues.
593 Manuscript under review.
594 Elders, M., Perry, C., Eriksen, M., & Giovino, G. (1994). The report of the Surgeon Gen-
595 eral: Preventing tobacco use among young people. American Journal of Public
596 Health, 84, 543–547.
597 Fagerström, K. (1978). Measuring degree of physical dependence to tobacco smoking
598 with reference to individualization of treatment. Addictive Behaviors, 3, 235–241.
599 Forestell, C. A., Dickter, C. L., Wright, J. D., & Young, C. M. (2011). Clearing the smoke:
600 Parental influences on non-smokers' attentional biases to smoking-related cues.
601 Manuscript under review.
602 Forestell, C., & Mennella, J. (2005). Children's hedonic judgments of cigarette smoke
603 odor: Effects of parental smoking and maternal mood. Psychology of Addictive Be-
604 haviors, 19, 423–432.
605Goddard, E. (1992). Why children start smoking. British Journal of Addiction, 87, 17–25.
606Greenwald, A., McGhee, D., & Schwartz, J. (1998). Measuring individual differences in
607implicit cognition: The implicit association test. Journal of Personality and Social
608Psychology, 74, 1464–1480.
609Haaga, D., & Allison, M. (1994). Thought suppression and smoking relapse: A secondary
610analysis of Haaga (1989). British Journal of Clinical Psychology, 33, 327–331.
611Hammond, D. (2005). Smoking behaviour among young adults: Beyond youth preven-
612tion. Tobacco Control, 14, 181–185.
613Johnston, L., O'Malley, P., & Bachman, J. (1996). National survey results on drug use
614from the monitoring the future study, 1975–1995. Volume I: Secondary school stu-
615dents. (NIH Publication No. 96–4139). Rockville, MD: National Institute on Drug
616Abuse, 381.
617Leatherdale, S., & McDonald, P. (2005). What smoking cessation approaches will young
618smokers use? Addictive Behaviors, 30, 1614–1618.
619Moran, S., Wechsler, H., & Rigotti, N. (2004). Social smoking among US college stu-
620dents. Pediatrics, 114, 1028–1034.
621Oksuz, E., Mutlu, E., & Malhan, S. (2007). Characteristics of daily and occasional smok-
622ing among youths. Public Health, 121, 349–356.
623Otsuki, M., Tinsley, B., Chao, R., & Unger, J. (2008). An ecological perspective on smok-
624ing among Asian American college students: The roles of social smoking and smok-
625ing motives. Psychology of Addictive Behaviors, 22, 514–523.
626Payne, B., Cheng, C., Govorun, O., & Stewart, B. (2005). An inkblot for attitudes: Affect
627misattribution as implicit measurement. Journal of Personality and Social Psycholo-
628gy, 89, 277–293.
629Payne, B., Govorun, O., & Arbuckle, N. (2007). Automatic attitudes and alcohol: Does
630implicit liking predict drinking? Cognition and Emotion, 22, 238–271.
631Payne, B., McClernon, F., & Dobbins, I. (2007). Automatic affective responses to smok-
632ing cues. Experimental and Clinical Psychopharmacology, 15, 400–409.
633Piper, M., Piasecki, T., Federman, E., Bolt, D., Smith, S., Fiore, M., & Baker, T. (2004). A
634multiple motives approach to tobacco dependence: The Wisconsin inventory of
635smoking dependence motives (WISDM-68). Journal of Consulting and Clinical Psy-
636chology, 72, 139–154.
637Robinson, T., & Berridge, K. (1993). The neural basis of drug craving: An incentive-sen-
638sitization theory of addiction. Brain Research Reviews, 18, 247–291.
639Robinson, T., & Berridge, K. (2001). Incentive-sensitization and addiction. Addiction, 96,
640103–114.
641Sherman, S., Rose, J., Koch, K., Presson, C., & Chassin, L. (2003). Implicit and explicit at-
642titudes toward cigarette smoking: The effects of context and motivation. Journal of
643Social and Clinical Psychology, 22, 13–39.
644Shiffman, S. (1986). A cluster-analytic classification of smoking relapse episodes. Ad-
645dictive Behaviors, 11, 295–307.
646Shiffman, S. (2009). Light and intermittent smokers: Background and perspective. Nic-
647otine & Tobacco Research, 11, 122–125.
648Stern, R., Prochaska, J., Velicer, W., & Elder, J. (1987). Stages of adolescent cigarette
649smoking acquisition: Measurement and sample profiles. Addictive Behaviors, 12,
650319–329.
651Stritzke, W., Breiner, M., Curtin, J., & Lang, A. (2004). Assessment of substance cue reac-
652tivity: Advances in reliability, specificity, and validity. Psychology of Addictive Be-
653haviors, 18, 148–159.
654Stromberg, P., Nichter, M., & Nichter, M. (2007). Taking play seriously: Low-level smok-
655ing among college students. Culture, Medicine and Psychiatry, 31, 1–24.
656Swanson, J., Rudman, L., & Greenwald, A. (2001). Using the implicit association test to
657investigate attitude–behavior consistency for stigmatized behavior. Cognition and
658Emotion, 15, 207–230.
659Tiffany, S. T. (1990). A cognitive model of drug urges and drug-use behavior: Role of
660automatic and nonautomatic processes. Psychological Review, 97, 147–168.
661Tiffany, S., & Drobes, D. J. (1990). Imagery and smoking urges: The manipulation of af-
662fective content. Addictive Behaviors, 15, 531–539.
663VanRullen, R., & Thorpe, S. (2001). Is it a bird? Is it a plane? Ultra-rapid visual categor-
664isation of natural and artifactual objects. Perception, 30, 655–668.
665Wetter, D., Kenford, S., Welsch, S., Smith, S., Fouladi, R., Fiore, M., & Baker, T. (2004).
666Prevalence and predictors of transitions in smoking behavior among college stu-
667dents. Health Psychology, 23, 168–177.
668
669
6 J. Haight et al. / Addictive Behaviors xxx (2011) xxx–xxx
Please cite this article as: Haight, J., et al., A comparison of daily and occasional smokers' implicit affective responses to smoking cues, Addic-
tive Behaviors (2011), doi:10.1016/j.addbeh.2011.10.006
